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TEXT: 1In this paper, the authors extend their generalizeq theory
0f the reguiar thermal regime for varying coefficients of thermal
ccnductivity and specific heat to the discussion of thermal emsis-
81on by bodies with an internal heat Bource. The linearized versicr
I the non-linear differential equation of thermal conductivity ob..
tained by the authors in their generalized thecry is

%-£= V2§+qv (12
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L T
( A .
whero@ ) J Cp “ —Ef 5 EZ'L_ ar; 9, 18 the internal scurre intensity
o 0

per unit volume, /l_ the thermal conduct-lvlty; C_ the 8pecific heat,
J the specifie gravity, i the enthalpy, and T~ the time variable,

o

This equation 1s regular if
1, = 89, (2)

hclds. where (fv 1s the average value throughout the volume of the
bedy and B is g function of coordinates only. From these equations

jlngr-m'_g + const (7)
where
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- =11161 -ln§2

52 - 2, (8)
8 = g corresponds to the
L e regular thermal '
e opre regime wi
s 0 a stationary regime, and the igtermeditg::tc;eggafoag?? !
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ferent regimes of re
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TEXT: 1In this paper the restrictions that thermal conductivity A
and specific heat C_ should remain constant are removed from Kon-

drat'yev's theorem (Ref. 1: Regulyarnyy teplovoy rezhim. GTTI,
1954) dealing with the rate of cooling of a body. The first part

of the theorem in the generalized case is essentially proved in
the authors' generalized theory of the regular thermal regime. The K
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gecond part, concerning the l1imiting value of the rate of cooling
for an infinite coefficient of thermal emission from a body, is

considered. The heat exchange equation in the linearized form ob-
tained by the authors in the generalized theory may be written as

N . (2)
where § = A di, 1 is the enthalpy, and the subscript w refers to
2 A C

P

the surface of the body. / Abstractor's note: n and § are not de-
fined ._/ Here, the rate 'mQ of the change of §, with respect to_gi

T
where 5= S 5%57 dT and /\.-— specific gravity, T = time, analogous
0

ot} E
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to Kondrat'yev's rate of cooling, must have a finite value 1f the
coefficient of thermal emissiond, -»>00. As an example, an infinite
shell ic¢ considered, and from the solution of the linearized ther-
mal conductivity equation obtained by the authors in the reference
above, the iimiting value of mg becomes

2
m@l = (gf) = const (5)

dﬂdﬁﬂ

/ Abstractor's note: X is not defined. / This ratio is the recipro-
dal of K, the coefficient of form firs® introduced by Kondrat'yev,
and for any particular body this is also the case. This generaliza-
tion of the second part of Kondrat'yev's theorem has a wide prac-
tical value. From (5), and using the relationship

i

I =$ -cA-d:L:\go’adi:JlEi (8)

P
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between 6 and the coefficient of temperature conductivity a,; the
1imiting value of the rate of change of temperature with time is
found to depend on

ml zl.at--a .
T % T K (13)
% w0
and also the relation
_ 1 9% _ .
m,=-% " 3”WR° (15)
holds. is a constant for each fixed value of thermal emission

which may occur in an experiment, and is present only as a coeffi-
cient of proportionality. Kondrat'yev's theorem is, therefore, ge-
neralized for the case of any value of the coefficient of thermal )(
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emission, and is much more effective than the theory of tempera-
ture regularity for studying the thermophysical properties of ma-
terials, in particular for determining the coefficient of tempera-
ture conductivity, There are 2 Soviet-bloc references,
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TITLE: On the coumposoite boundary layer at the entry region
of a circular tube
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oblem of the position of the

jnt from laminar to turbulent flow for the boundary

d the effect of Reynolds number on the total coefficient

f the transition point is deter-
Reynolds number and L. Shiller's
Assuming a parabolic velocity

layer at the entry,

TEXT: The authors consider the pr

layer, an
of resistance. The coordinate ©

mined using the jdea of a critical
theory of the laminary entry region.
distribution in the boundary laminar
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U - velocity in the cen-
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are replaced by U and x respectively. Then, using Eq (1), the va-
lue of IRex at the point of transition ia

Re, =3 £ (0,)(1 + %4) Re® =P(7,)Re? (5)

£

Since the boundary layer is least stable in that cross-section

where 1ts thickness is greatest, and where the negative pressure

gradient is a minimum, i.e., at the egd of the entrance region,

then through Shiller, Rex = 3.04,10°, Thus, for a fixed Reynolds?
t

number, the value of ”Lt may be determined, and the coordinate of )(
the transition point x, is given by

5
. 3,04+10
Xy = Rehvzti (7)
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To determine the relative thickness of the laminar and turbulent
boundary layers, the hypothesis of equality of thickness of momen-
tum loss is used. This is determined for the laminar layer by

(8) X

and analogously for the turbulent layer. Then. the overall length

of the entry region and the field coefficient K = ,V/U may be cal-
culated. The total resistance coefficient AC ig given by

—

&1 ho 00,1333 31 - 0.05 é
t t t

2

Ay PR (9)
av
2
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where 1 and d are the length and diameter of the tube, and P, and

p_are the pressures at the entry and end of the region considered

{ Abstractor's note: undefined. /. The ratio of this to the re-
sistance coefficient ‘for hydrodynamically stabilized motion for 1
less than the length of the entry region is calculated and for

Re = 4000, this ratio is I. Increasing Re produces a sharp drop,
reaching a minimum at Re = 5000, After thie, the ratio rises slow-
ly, reaching a limiting value analogous to the value for a purely
turbulent boundary layer at the entry. Por apparatus, in which

the Reynolds number is close to the critical value, the authors
recommend that the possibility of changing it during operation
should be examined; since the total resistance coefficient depends
strongly on it, Also, to increase the heat exchange apparatus, with
the Reynolds number in the range 2,300 - 10,000, the flow at the
inlet should be turbulent, There are 2 figures, 1 table ang 3 So~ )(
viet-bloc references,
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TITLE: The use of integral relations in determining coeffic-
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TEXT: The paper begins with a discussion of the resistance and heat
transfer in a tube of circular cross-section under the conditions

of hydrodynamic and thermal stabilization and laminar flow. It is
assumed that the liquid is incompressitle and all the physical con-
stants are independent of temperature. The hydrodynamic problem can

be solved first and the heat-transfer problem second. Both soluticas
are known; the first was obtained by Jtokes and the second by Lo- X
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rentz, Academician L. 8. Leybenzon and others. The authors attempt
to solve the two problems with the aid of integral relations and
obtained well-known formulae. The problem considered next is that
of heat transfer under conditions of thermal stabilization. Cen-
siderations analogous to those described above lead to a dimensicn-
less integral relation which can be used to determine the heat
transfer coefficient. The distribution of the excess temperature 1s
then sought in ihe form of & power series in r, &nd this is shown

to give Nu = 6. The next problem is that cf resistance and heat
transfer under the conditions of stabilized turbulent moticon in a
tube of circular cross-section., The corresponding equations can be
set up if it is assumed that the average motion of the liquid is
axially symmetric (with respect to the longitudinal axie of the
tube), The dimensionless integral relationa fcr this case are de-
duced and a well known result is obtained for Cfn For a4 universal

legarithmic velocity profile

Card 2/9
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= 2olg(Re"VC—f') + 0.8 , (53)

is obtained. The fundamental relation of the hydrodynamic theory
of heat transfer Nu = CfPe/B is deduced as a special case. The

above relation holds provided the effect of the boundary layer on
the heat transfer coefficient is neglected. This means that a cor-

recting coefficient K must be introduced into

C
Nu = 5 Pe (67)

£

to allow for this discrepancy, i.e.

c
f . PO'K
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The paper is concluded with a derivation of an approximate formula
for the correction coefficient K. The following model is employed:
Turbulent heat transfer plays a decisive role in turbulent motion
everywhere except for the laminar boundary layer near the wall,
In the laminar boundary layer, the most important effect in the
stress transfer is viscous friction, while the most important ef-
fect in the heat transfer is thermal conductivity. It tnen follows
that the thickness of the hydrodynamic boundary layer is different
from the thickness of the thermal boundary layer. In the turbulent
region, the effect of the physical properties of the medium on the
turbulent heat transfer is very small. Subject to various appro-
ximations, it is shown that

n+1

= Pr (104)
4

§=)

The average value of n is 0.1335. If the numbers vary between 10

Card 454
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and 106i Eq. (53) can be replaced by
0,187
=—l———
Co 2012 (106)
and then
Nu = 0,0234.Re¥18.pp0r434 (107)

This gives satisfactory agreement with the empirical relation
Nu = 0,023.Re?8.pr0:43 (108)

teploperedachi (Fundamentals of Heat Trans.er) (1949)). There are
1 figure and 2 Soviet-bloc references.

which was derdived by Academician M. A. Mikl.eev (Ref. 2: Osnovy
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cient of heat transfer in forced flow past solids
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trudov, no, 8, 1959, Teplotekhnikas vo rosy t _
scheta 1 proyektirovaniya, 131-143 prosy teorii ra

TEXT: Experiments carried out by the authors have shown that free
motion has an appreciable effect on convective heat transfer in the
case of forced flow past solid bodies for relatively large Rey-
nolds numbers. The paper is concerned with the theory of the phe-
nomenon. The stationary problem of convective heat transfer is ta-
ken to be defined by the following equations:

Card 1/5 )(

R B SN

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000827130002-8"



"APPROVED FOR RELEASE 06/19/2000 CIA-RDP86 00513R000827130002 8

A AT R O S e e P KO 1) ik P b S T {fl'.'r?.,. A Ny (R S Ol R Y
o - - — ' s -
=8
32271
8/612/59/000/008/011/016
On determining the effect ... D218/D304
_ 1 2
(WV)W— F -Fgrad P+ Vv
divw=20
(wv)t = aVZt (2)
where w is the velocity vector, t the excess temperature of the
flow. p the presoure, p the density of the medium, v the kinematic
viscosity of the medium, a the temperature diffusity of the medium
and F the 1ift force given by
F=g - Tf - oAt (3)
T
f
where T is the absolute temperature at any point in the field, '1‘f
Card 2/5
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is the sbenlute temperature at a very distant point and g is the
acceleratlion due to gravity, These equations are then reduced to &
dimensionle¢s form, and an estimation is obtained from them for the
iower 1imit of the effect of free motion on the coefficient of con-
veitive heat transfer. The method employed is the superposition
method which was developed by the present authors and which is used
in conjunction with the theory of similarity. The theory has been
checked by measuring the heat transfer coefficient under the con-
ditions of forced convection for pipes of 2ircular, square and tri-
angular cross-section in wind tunnels, Both the theoretical and ex-
perimental results indicate that for ReZGr the effect of free con-
vection is appreciable and must not be ﬁEglected. For a cirzular
tube

Nu = 0,0563 R+ 7" 4 0,54(Gr.pr)0:25 (27)

The first term in this expression represents forced convection.
For a tube of square cross-section

Card 3/5 J(
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| 0,25
Nu = 0,0069 Re¥s9’ E + 78,3 LQI:S—‘”%-J
Re »9

(parallel orienttion) and

0,25
Nu = 0,0063 Reo°93{2 + 85,8 LGr-Pr) 7 7 }

ReO;gJ (35)

{perpendicular orientation, one edge facing the stream). Finally,
for a tube of triangular cross-section the result ie

0,25
Nu =t 09051 Reo'Ggﬁ + ‘O 6 L-G_I:—P%')T——] (37)

Re"9
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. 0,257]
= 0,69 Gr.Pr)™?
Nu = 0,0525 Re !1 + 10,3 1—%—_1“0’ 3 (38)

where the former applies to the parallel orientation and the latter
to the perpendicular orientation (edge or side facing the etream).
There are 5 figures and 6 Soviet-bloc references.
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Effect of free convection on convective heat transfer in gaseous

dispersive systems, Sbor. nauch, trud. Kuib, indus, inst. no.8:

189-196 159, (MIKA 14:7)
(Heat-<Convection) (Hydrodynamics)
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AUTHORS @ Kudryashev, L.-l., Professor, Doctor of Technical Sci-
‘ ences, and Romeyko, N. P., Engineer

TITLE: Simultaneous application of the nethod of intermediate
integration and the theory of similarity to solving
problems of convective heat transfer

SOURCE: Kuybyshev. Industrial’nyy institut. Sbornik nauchnykh

trudov, no, 8, 1959. Teplotekhnika; voprosy teorii,
rascheta 1 proyektirovaniya, 197-205

TEXT: The authors are concerned with heat transfer in a confined
medium. They show that whatever the flow conditions, both the re-
sistance and heat transfer are determined by the temperature con-
ditions at the wall. Existing theories »f heat transfer in a con-
fined medium are critically examined, and the theory of similarity

is used to reformulate the problem in the case of turbulent flow,

It is shown that the method of "intermediate integration" leads to
the following expressions which are universal both for turbulent )(
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and laminar flow in a confined medium:

e l$) c oo

0

)
o=, (b) (12)

It is established that the formulae giving the coefficients of
heat transfer and resistance should include the ratios of the vise-
cosity and thermal conductivity at the wall and in the stream, ra-
ther than the ratio of the Prandt numbers. It is shown that de-
termination of the coefficients of heat transfer and resistance
can be reduced to determining the radial derivatives of the tem-
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perature and velocity at the wall of the tube

ot n A n3
] 1 ne 10
= C,Re Pr —_—
(7). .o oo () 50
ow,’ m m2
3 = CpRep | {¥
1r,=1 M (35)

as functions of u /A and | /A /“Abstractor's note: No explicit de-
finition of symbols given. ],
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Determination of the hydraulic resistance and Leat transfer in
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(Heat--Transmission) (Hydrodynamics)

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000827130002-8"



"APPROVED FOR RE 06/
_ P TG - S F R T A '&:’!}ﬁ;&:‘

00827130002-8

- PR SIERT PR,

19/2000 0
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AUTHORS 1 Kudryashev, L.I. and Golovin, V.M.
M amnmam———— + .
TITLE The Influence of the pissipation of Mechanical Energy

on the Coefficient of Hydraulic Resistance and on the
Flow Rate Through Narrow Ducts in the Laminar Flow
Regime '

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, Aviatsionnaya
tekhnikﬂ. 1960| No.}; PP. 3"'11

TEXT: A quantitive assessment is made of the influence of the _\
dissipation of mechanical energy in the laminar flow of liquidn‘v
through narrow ducts whose length £ is so large compared with the
height 2h that the contribution of the initial portion of the
duct to the total flow resistance may be considered as negligible,
The equations of motion, continuity and energy for the laminar
non-isothermal flow are given in vectorial form by Eq.{(1). in which
most of the symbols have their usual meaning except I, which 1is
the mechanical equivalent of heat, and S, which is the tensor of
the rate_of deformation of the fluid. Assuming that the velocity
vector v satisfies the condition of Eq.(3), then it can be
expressed by the relation of Bq.(2); by considering only
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The Influence of the Dissipation of Mechanical Energy on the
Coefficient of lydraulic Resistance and on the Flow Rate Through
Narrow Ducts in the Laminar Flow Regime

stationary problems and neglecting the body forces F, Eq.(1) can
be transformed into Eq.(5). Although Eq.(5) appear more involved
than EBq.(1), they are, however, more tractable as regards both the
admission of simplifying assumptions for their solution and the
analygis of these solutions. In particular, Eq.(5) facilitate the
selection of problems which can be solved by means of separaticn of
variables, Some 2-dimensional flows are then considered which
satisfy Eq.(2). First, the flow is studied in a narrow duct . with
the axis of symmetry along x-axis, when the temperature of the
bottom wall Ty] 18 different from that of the top wall Tyw2, and
the conditions are sought which wonld make the flow to be a function
of pressure p only, It is shown that such a flow is possible
only at some distance downstream from the entry section, 1i.e. where
the flow is stable, Next, the problem of dissipation of
mechanical energy in the region of this stable flow is tazkled
under the assumption that the temperatures of bhoth walls are oqual
and the pressure gradient along the duct is constant.
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echanical Energy on the

of the pissipation of M
the Flow Rate Through

f Hydraulic Resistance and on

The Influence

Coefficient ©
Narrow Ducts in the Laminar Flow Regime

Eq.(8) with boundary conditions as in

Eq. (1) transform then to
Eq.(9). Assuming furth
the walls and the €luid is mot large

temperatures of the liquids used in ;
iubricants etc.) are of the order of 20 to 100 C, then - as shown

in Ref.2 and 3 - the viscosity may be expressed by Bq.(10) or (11),
where w, is the viscosity at the wall temperature Ty

while the thermal conductivity may be considered as constant,

With these assumptions, Bq.(8) may be integrated as
Yy the velocity of the flow 1n

.(19) or Eq.(20). These results
solutions, Eq.(al), and
jdentical in the limit,

the coefficient of

king into account the
hange in

er that the temperature gradient between
(AT = 10°C) and that the

practice (water, oil, spirits,

i.e. A = Awe
shown on P.7» giving eventuall
Eq.(18) and the rate of flow in Eq
are then compa i
it is shown that the two results are
i.e, when Re;—-0, (Bq.(26) ) . Finally,
resistance is evaluated. This is done vy ta
change in the mean velocity of the flow produced by the ¢C
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The Influence of the Dissipation of Mechanical Energy on the
Coefficient of Hydraulic Resistance and on the Flow Rate Through
Narrow Ducts in the Laminar Flow Regime

the viscosity of the fluid, when compared with the mean velocity

as resulting from Eq.(21). This leads to Bq.(29), (30) and (31), ,
the last formula being the actual correction due to dissipation of b)K;
the mechanical energy. There are 1 figure and 4 Soviet

references (one is a translation into Russian of Janke and Emde's
tables),

ASSOCIATION: Kuybyshevskiy aviatsionnyy institut Kafedra
aerogidrodinamiki (Kuybyshev Aviation Institute,
Chair of Aero- and Hydrodynamics)

SUBMITTED: February 29, 1960
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AUTHORS : KRudryashev, L.I. and Kopotev, A.A.

TITLE: Theoretical and Experimental Investigation of the
Influence of Instability on the Flow Through Nozzles

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Avia;sionnaya
tekhnika, 1960, No.3, pp.65-73

TEXT: The present mathematical analysis 1s based on the theory

expounded by Stanyukovich (Ref 3 and 4). The motion being assumed
one-dimensional,

compressible gas‘are as in Eq.(1), in which w s velo*xty,

T

1s time and the other symbols have their usual meaning. These
equations may be transformed to read as in Eq.(2) of which the firs*
relation may be integrated, the result being Eq.(8). 1f the
magnitude of w; is small compared with w,. this lust relation may
be reduced to that of Eq.(9). For the case of steady motion. the
Corresponding relation is given by Eq,(10). From Eq.(9) and (l0).
Eq.(11) is obtained, From Eq.(11l) it is secvn that for the same
value of p2/p ., the instantaneous velocity in the case of
unsteady flow through a nozzle 1s always higher than tha
corresponding velocity in steady flew, because (2@)/¢w ) a

Card 1/5
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Theoretical and Experimental Investigation of the Influence of
Instability on the Flow Through Nozzles

always a poyitive quantity, The corollary to this result must ue
that in an unsteady flow tt is possible to cbtain the same velocity
as that in a steady flow, even with a gomewhat lower pressure

ratio pl/p2 than that required in the case of steady flow,

A similar relation holds also for the critical velocity of the flow.
If the flow is adiabatic, the energy equation is Eq.(12) which,

when transformed into Eq.(13), can be integrated and thus leads ‘o
Eq.(15) or (17). Agalin if w3 may be neglected when compared
with wj, the relation simplifies to Eq.(18), A8 for the critical }<
velocaty a¥, this is given by Eq.(19), from which it is seen that
because of unsteadiness of the flow the velocity 1n the subsoni:
fegion may attain a higher valus than the tcrresponding sritizal
velocity in the case of steady flow, All these relations do not
tzke 1nto account any frictional losses or entry losses. When these
are included, the efflux velciity will be somewhat lower., These
lcsses may be aczounted for by wvelocity coeffizients, Cens:doar

ncw the tustantan=cas dynamic rmpulse Eq.(20) {(F. being the ax1t
Card 2/5
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Theoretical and Experimental Investigation of the Influence of
Instability on the Flow Through Nozzles

area of the nozzle) and relate it to Eq.(11) to obtain Eq.(21).

Again the magnitude of the momentum in unsteady flow is larger

than its value in the corresponding steady flow, Hence it appears
that a turbine working with pulsating pressure may be more

effective than a similar turbine working under constant pressure,

In practice, the mean values (over a period) are of greater interest
than the instantaneous values, Thus considering the mass flow G,

it may be expressed in terms of mean values of density and velocity

as shown in Eq.(24), and hence the mean value of the momentum is

given by Eq.(28). In order to verify these relations. some
experiments were carried out on a single-cylinder, four-stroke,
air-cooled engine (based on M-11 engine) whose design data are as
follows;: diameter ~ 125 mm, stroke - 140 mm, swept volume - )K/
1.72 litres, compression ratio - 5, speed -~ 1600 rpm, maximum

rate of air flow - 75 kg/sec, The exhaust was directed into a

tube 500 mm long, to the end of which various nozzles were attached
(see Fig.l and 4). The flow was measured by means of a pulsometer.
described in Ref.7, which permits the measurement of the

Card 3/5
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Theoretical and Bxperimental Investigation of the Influence of
Instability on the Flow Through Nozzles

instantaneous values of the momentum and also shows thoir
variations on an oscillograph. Simultaneous pressure readings wera
taken in the tube upstream of the nozzlesand in the eng:ne cylinder,
and in addition the rate of flow of the air supplied to the engine,
the fuel consumption and the power output were measured. The
results of these experiments are shown in Fig.2 and 3, The

experimental data were then related to the theoretical analysis,
For example, in order to determine the function ¢(t) (defined by
Bq.(7)) pressure diagrams p = p(t1) were plotted (Fig.l, top
diagram) from which by means of graphical differentiation op/ 3t
were obtained, These were then divided by the corresponding values
of P =p(r) and the graph so obtained (middle graph in Fig.2)

was integrated graphically to produce ¢(x) (bottom gragh in Fig.2).

Similarly, by relating the theoretical value of (vz/wo) with the
corresponding experimental data, the velocity coefficient

¢ = (wag)/(wp), 1.e. the ratio of the actual efflux velocity te
the theoretical efflux velocity, was obtained, This 13 shown
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Theoretical and Experimental Investigation of the Influence of
Instability on the Flow Through Nozzles

in Faig.3. Finally, from the graphs of instantaneous values over
a period T, the mean values of various quantities quoted in

Table 1 were deduced. There are 4 figures, 1 table and 7 Soviet
references,

ASSOCIATION; Kuybyshevskiy aviatsionnyy institut Kafedra
aerogidrodinamiki (Kuybyshev Aviation Institute,

Chair of Aero- and Hydro-Dynamics)

SUBMITTED January 14, 1960
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TITLE: Effeot of Dissipation of Mechanical Erergy on the Hydraulic

Resistance Coefficient for Laminar Flow in Tubes Nith Circular
Croas Seotions

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. left' i gaz, 1960,
No. 12, pp. 105 - 112

TEXT: It is frequently necessary to determine the resistance tolaminar N
flow in long pipelines. Heating of the liquid by internal friction may be
rather important, if a highly viscous product is concerned. Hence, it is
necessary to determine quantitatively the effect of mechanical energy
dissipation on the output of the pipe, and the registance coefficient. In
this paper, an attempt referring to this s degcribed, since this problen
has not yet been solved, with the exception of some general data given by
. the academicians V. G. Shukhov and L. S. Leybenzon. A number of equations

was established, from which follows that the classical Stokes solution is
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Effect of Dissipation os Mechanical Energy $§/152/60/000/012/006/007
on the Hydraulic Resistance Coefficient B027/B06S8

for Laminar Flow in Tubes With Circular

Crogs Sections

a first approximation. The calculations show that the effect of the L)<
mechanical energy dissipation on the throughput and the resistance coef-
ficient is the greater, the smaller the pipe diameter and the more viscous
the fluid. Thus, the throughput of the pipe may be increased by 10 to 15%
The effect of energy dissipation may be, therefore, calculeted from
equations 30 and 31, respectively:

2 J,'(:) ' ‘
q, " F (0 (30); D “!

- ’_1

(31).

.-

Q = throughput, % = 0. 5 m R = ARe (R = radius of the pipe),
A/AJA'u (dp/dz) ! d - 0. 1(u /u - {]; u, = viscosity at the
Tus 109¢
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Effect of Dissipation of Mechanical 8/152/60/000/012/006 /007
Energy on the Hydraulic Resistarnce BOZ27/B068B

Coefficlent for Laminar Flow {n Tubes
With Circular Cross Sections
tenperature T' of the tube-wall; A « heat 0onductivity al. T { J « mechadt
cal heat equivalent; D = 1/4 .1 - J,(ARe )/3, (ARe,) 2 s Lhe correction
. 2
for energy dissipation; A = n(u')“/ﬁwﬂ; Re, = Re1n01d4 number. The

authors further develop the suggested solution with resiect to various
liquids and non-isothermal flow. There are 1 figure and 3 Soviet
references.

ASSOCIATION: Kuybysheveskiy aviatsionnyy inatitut (Kuybyshev Aviation ?<
Institute)

SUBMITTED: February 23, 1960
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Minsk, BSSR, June 1961.
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AUTHORS: ;ud{yashov, L.I., and Golovin, V.M.
TITLE: d;m;ho Solution of Stability of the Laminar Flow of

Viscous Fluids Flowing Between Flat Parallel Walls

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy,
Aviatsionnaya tekhnika, 1961, No. 1, pp. 13-18

TEXT: The problem of stability of the laminar flow has
attracted much research which indicates its importance both
theoretically and practically. In spite of so much effort being
spent on the problem it is not fully solved as yet, (Ref.l).

The reason is the great mathematical complexity of the problem. :¥
Various simplifications made by some authors in order to enable

this problem to be scolved zre sometimes questionable. One of the
main shortcomings of the theoretical analysis of the problem is

that in most cases heat transfer with the surroundings, as well as
the heat effect produced by internal friction, are neglected.
However, these two effects influence pnysical properties of the
fluid and therefore the flow of the fluid must also be affected,

It is basically erroneous to assume that these effects are

Card l//;
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On the Solution of Stability of the Laminar Flow of Viscous
Fluids Flowing Between Flat Parallel Walls

negligible especially at higher velocities and at large Reynolds
number valuss, when dealing with the stability of the laminar
flow, The present work has as its object the evaluation of the
effect of these factors, and for that reason the basic equations
of motion include dependence of the physical parameters of the
fluid on the temperature:

gg—‘t’ = e'b:— grad p + u AV + 2grad p*S + -;- p grad div v —

div v grad p,
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dT

- . 2 -
IoC, %t © 1 div(r grad T) — p div Vv ¢ 2pS -3 (div ° (3)

where the symbols have their usual meaning, exc ept:
1 - mechanical squivalent of heat; 8 - tensor of the velocity of
deformation; A(T) - coefficient of heat conductivity.

Employing the small perturbation method. the authors distinguish
viscous and non-viscous instability at high Reynolds numbers.

In the case of non-viscous instability the arguments of Lord
Rayleigh (Ref.3) and W. Tollmien (Ref.4), viz. that the necessary
and sufficient condition of non-viscous instabtlity in a symmetric
flow is simply the existence of the point of inflection in the
velocity profile, still hold true. Stable solution of the system
of Eqs.

is dealt with in earlier work of the authors (Ref.5). In the
present paper the authors extend the analysis by superimposing on
the stable flow small disturbances and utilize the Rayleigh—

Card 3/4
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(1) to (3) for the flow between two flat parallel plates
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On the Solution of Stability of the Laminar Flow of Viscous
Fluids Flowing Detween Flat Parallel Walls

Tollmien criterion for tho non-viscous instability. They arrive
at the conclusion that the instability develops at some large
value of Reynolds number, which is the upper critical Reynolds

number, as given by:

i' Pr \ '1% -
—————— aww ljpr' $ M Rﬁl (’;‘/ 00807 (15)
A

|

% I Prp .+ T, /

l- K[\T ')C Gaw
where Pr = Prandtl number; Ga -~ Gallilleo number, K LT °C =

specific gradient of heat content.
There are 2 figures and 5 references:

ASSOCIATION: Kuybyshevskiy aviatsionnyy institut, Kafedra
Card 4/4 aerodinamiki (Department of Aerodynamics,
Kuybyshev Aviation Institute)

SUBMITTED: July 1, 1960

- 2 Soviet and 3 non-Soviet.
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AUTHORS: Kudryashev, L I_f. Golovin, V. M.

TITLE: Problem of the gtability of the laminar motion of & vigcous

l1iquid in ciroular cylinirical pipes
PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Neft' i gaz, no. 3.
1961, 107-112

died the effect of the dissipative heating and heat
exchange with the surrounding medium upon the stability of the laminar flovw

of a viscous liquid in circular cylindrical pipes. Using the theorem by \/
Rayleigh-Tollmien, the nonviscous instability of the flow with respect to

the hydrodynamic and thermal stabilization is gshown, and the criterional -
{nequality for the determination of the highest critical Reynolds' number

is given. The problem of the stability of the laminar motion and its
transition into turbulent motion is of theoretical and of practical impor-
tance. The explanation of all factors having an effect upon the stability

of the laminar motion in one or the other direction is of importance both

for the further elaboration of theoretical bases and also directly from

card 1/3
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. the technical viewpoint, as it is agsociated with the possibility of re-
' ducing energy losses in the transport of liquids and gases. Therefore, a

great number of theoretical and experimental studies has appeared since
the publication of the first paper by 0. Reynolds. Although the authors
do not have the possibility, within the scope of the present paper, of
dealing extensively with the consideration and the evaluation of the vari-
ous papers, investigation methods, and results obtained, it is possible,
however, to note certain deficiencies, which are quite egsential, in their
opinion, in the formulation of the problem. One may see from the
mathematical formulation of the task that in most cases insufficient
attention is devoted to the problems of the heat exchange of the liquid
with the surrounding medium, its heating at the expense of the dissipation
of the mechanical energy, and thus, of the change of its physical para-
meters with temperature. At the same time, this change is bound to have a
considerable effect upon the characteristic of the motion. If neglecting
these factors in the study of the motion with not too high Reynolds'®
numbers is still somehow justified, it is no more 8o in the analysis of the
stability of a longer lasting laminar motion, especially as regards the
problem of the presence of the highest critical Reynolds number. From this
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viewpoint the present work may be of some interest, inasmuch as the attempt
is made to take into account the effect of the abovementioned factors. The
authors have used formulas to examine the relationships between tempcrature,
velocity, heat exchange, etc. between the ligquids (petroleum, alcohols,
water). Conclusions: Basing on the use of the total system of equations of
hydrodynamics and heat exchange, and also of the theorems by Rayleigh~-Tollmicn,
the authors show the nonviscous instability of the flow in the stabilized
part (in hydrodynamic and thermal respects) of the circular cylindrical
pipe, starting with a rather high upper critical Reynolds nuamber. The
criterional equation for the determinatvion of the highest critical Reynolds
number is given. There are 6 references: 1 Soviet-bloc and 5 non-Soviet-

bloc.
ASSOCIATICN: Kuybyshevekiy industrial'’nyy institut imeni V. V. Kuybysheva V//
(Kuybyshev Industrial Institute imeni V. V. Kuybyshev)

SUBMITTED:  July 6, 1960
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AUTHORS Kudr .y, and Lyakhov, V.K.
TITLE: Calculation of the effect of longitudinal

non-isothermnalness on the heat transfer coefficient
in the conditions of the internal problem

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy,
Aviatsionnaya tekhnika, no.%, 1961, 1l04-110

TEXT: If for hydraulic smooth tubes a known pattern of
turbulent flow is assumed, then the problem of determining the
heat transfer coefficient can be reduced to a system of
differential equations for the boundary layer. The equations are
reduced to a simpler form, because the boundary layer is very
thin; by assuming mean values for a number of parameters, and
that the velocity and temperature satisfy power laws in the tube,
An approximation is obtained for the local value of the Nusseclt
c¢riterion and the mean value of the Nusselt number is calculated
for the tube. A gcneral form is given for the mean Nusselt
number showing that if the physical parameters aro determined
for the mean temperatures of the flow and the heat transfer

Card 1/ 3
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coefficient is also referred to the mean temperature then a
correction must be introduced to take account of longitudinal
non-isothermalness. These results were tested experimentally.
The experiments were carried out for various amounts of
longitudinal non-isothermalness from 2 to 30 2C. Diescl oil was
used as the working liquid. The experimental results for heating
and cooling are compared with a well known experimental formula
and are in substantiai agreement with it, However, there is a
scatter of experimental points which is too great to be accounted
for by experimental errors, Moreover, this scatter is a tunction
of the temperature and parameters of the tube, On the other hand,
by using separate equations for heat transfer on heating and
cooling the scatter of points does not exceced 8% and this agrees
with the formula derived from theoretical considerations. 1t is
shown that the spread of the points is substantially decreased

by taking account of non-isothermalness and a simple method of
cstimating the effect of longitudinal non-isothermalness is
proposed for practical calculationa,

there are 4 figures,
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ASSOCIATIONS Kafedra aerogidrodinamiki, Kuybyshevsakiy
aviatsionnyy institut
(pepartment of Acrohydrodynamics, Kuybyshev
Aviation Institute)

SUBMITTED: August 6, 1960
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AUTHORS: Kudryashev, L. I., Tsererin, V. A.
TITLE: " Effect of the non-gteady state of flow upon the coefficient | R

of the gas-dynamic resistence of gas maing

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy. Neft' 4 gaz, no. 7,
1961, 105-112

TEXT: ‘'Jsually the case of a stoady gas flow is assumed in planning and
working of gas mains, while in practice non-steady flow occurs as a result
of the change of consumption per unit time. It is therefore possible to

. 2pply the equations obtained for the ateady flow to the analysis of gas- N
dynanic rhenomena which occur in reality. The deternination of the ac-
cunulation of the gas main is just as important from a practicel voint of
vien. The authors deal with new theoretical possibilities of considering
the effect of the non-steady state of flow upon the ccefficient of the gas
dynamic registance. The calculations suggested are not difficult in T
practice. The mathematical formulation of the gas-dynamic resistance may
be expressed by means of the following system of Lq..

L_pard 1/8 '“‘“—'f'J

1<
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o BT, (a)

'___._

dt 9z r,
dp
— w E
0t+ 7 (pw)
2
@rw+44(%y (c)

PoeRTz . (d)

P T )
If both sides of Eq. (1a) are multiplied with 4¢ and then integrated
fromO to 2, Eq. (2) is obtained and the values contained therein are
defined by (3). ¢ is the time average.

d 0
m—-‘!’n %

|__Card 2/8

APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86-00513R000827130002-8"



S G A AR P I e
T —— ;

R g;¢ AP YA RO E IR e

By

"APPROVED FOR RELEASE: 06/19/2000 CIA-RDP86 00513R000827130002 8

P | 8/152/61/c00/c01/007/0CT ?

Lffect of the non-steady ... @ 8923 /8064 i
- 1
P= .(pdt: (a) {
» "‘. . a——— é
. 17 ) i
10 = »H—l wdt, . ()
2]
1 .
p =g | odu (v)
. o 3)
) 1 )
To = H‘ s‘fu{,f; ((l) \/.:
‘ S s _
o dv o
da = P e =, (e) : :
dw i
e .f
Cerd 3/3 i
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Aftor further calculations d:

gu Pﬁ'dw - (1[’—* (al nea ? _‘) ' I). (9.)/\]
is finally obtuined. An overase can also bo obtoined in a cinilar nanner .
for Eq. (1¢): o ) V
. dq = d:-~A,l..d(~»§-—), (9) _
\

i ‘ t (a)

qg=- -\ qds :

] 9. f

R |

{= a s, (h)

_Card 4/
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Subsequently, Eq. (1b) is integrated with regpect to z and L
Q . - . : [ ,
' ew ! (3q/ot)dz = £(x) (511) 1s obtained. After mul'tplying at both sides
- : ) :
with xri, and then with dt, integration fronD to T, g
]
1
=3 S‘G dt = -—-\Yﬂrﬁ/(t)dt:const. (13) ‘
0
] is obtained. Since, however G = (7S, Q"ls a const. (14). Finally v/¢ = K7
(15) %15 gubstituted in | 1d? for the period of the everage. On the ':.m.:is
of (8), (9), (14), and (15), the gas-dynnnic reciatance at 'wn-s‘:uc.:;i ~as
flow in the pipe line may be expressed by *he flosing systenm ol equnations:| /
- . wt dz , . ] ’
p“ (“ —) e pP— C{. new 'p':z"‘ - 'D‘; ('l) ;
? wS == const, ()
Car

1 [y
LA EY I OS] Kt p
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) "\ g .
dg =di4Apnd ( 2~)--- () |

. _ (15) : |

/ tt ‘R :/.:, : ('” ' //
The system (16) differc from the solution of the previous paper of the Po-
authors (Ref. 1) in-go-far es the equationg of motlon aond energy contain
the consig1t coefficients P and B for the glven average. To determine

the effect of the non-gsteedy state o“ the pas flow upon the coefficien
of the gaaz-dynemic resistance, %hie solutiens for the steedy cos ;;.o‘.v 5 {
uged and o corrasponding correction ;30 i nade for the inert fterm, and, -
instead of p, and p, .*heir avercse values are subatituted in the chosen

oy
i1 O
£

. périod of time & . In the following the cuthors give examplec wh

thet the non-steady state depending on the change ol velocii;
both increage and reduce the effect of the inert tern and L
of the gags-dynanic resistance. Only in the sneoinl ca: ! -
o‘)nrat* onol conditions of the gas main are anulogoug to the condill

4
e
1
w
=
LD
.‘\
2
]

o -k
-
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provailing at a steady flow with respect to the effect of the ivvrt term.
"he coefficiont{ig may be determined as follows: TFirst a diagraa is plotted
of the change of w ns a function of time, and then the differential quotient

dw_ is determined by graphical differentiation. Below the diagram, the
dr

dependence ¢ = ¢(v) is graphically represented, The ordinates of the forrer
diagram are multiplied with the ordinates of the latteﬁyand thus the quan-

tity Q‘g‘y_:—' is found. On the basis of the last curve, j g%-%dt is found by
)

graphical integration. The average quantitiaes Q and iw are obtained from —
dt

the diagrams %{? = £(t) and ¢ = o(t) by way of graphical integration. On

the basis of these data it is not difficult to obtain Bo - The methods
shown are also applied by the authors to deternine the accunulating capacity
of the gas mains. Thus, accumulation for the period 1 is expressed by the
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equation G = (G, - 01)0 (21) and the total accumulative powcr by
G = G°g1 (22). There are 3 Soviet-bloc references. J//
—

ASSOCIATICN: Kuybyshevskiy industrial'nyy inatitut im, V. V. Kuybysheva
(Kuybyshev Industrial Institute imeni V. V. Kuybyshev)s

Kuybyshevskly aviatsionnyy institut (Kuybyshev Aviation
Institute)

SUBMITTED: April 23, 1960
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Stability of the laminar flow ¢f a viscous dripping liquid in circular
cylindrical pipes, Isv, vys, tcheb, zav.; neft' i gaz 4 no,3:
107-112 61, (MIRA 16510)

1. Kuybyshevskiy industrial'nyy institut im. V.V,Kuybysheva,
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Considering the effect of a longitudinal nonisothormal layer on
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AUTHORS s Kudryanshev, 1. I., Smirrov, A. A.

TITLL: The effect of unsteady heat transfer on the coefficient of
heat transfer between a 3treaned-at solid and the flow

PERIQODICAL: Inzhenerno-fizicheskiy zhurnal, v. 4, no. 10, 1961, 21 -

TEAT: An infinitely long cylinder standing in the z cdirecction is assumed
to be subjected to an external cooling flow in the x cirection. At the
instant T « 0 the cylinder is supposed to be immersed infinitely fast into
the flow., An unsteady heat transfer between cylinder and liguid begins
at this moment. The authors base their theoretical irvestigations on the
general flow equations and on the law of the increase of the turbulence

L = v2n»t which was established by Academician L. I. Sedov {Metody podobiya
razmernosti v mekhanike, 1954)., The heat transfer cocfficient is found to
be' 2fne t

imax
o »

X
c W oNys + ==y (23),
i X . po 00 do

where t‘lmax denotes the méximu'm' temperature in the middle of the wake
Card 1/§ ’
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(y = 0), c._ and XO are the values of °h and p in the undisturbed flow,

po
"o is the undisturbed flow rate, ¢ = Hx1m8xx/bho, Hx1max indicates the
naximum velocity in the middle of the wake, and b i3 the breadth of the
wake. For Pr = 1, Eq. (23) goey over into
t 2 t 2
2 4o 1ma x 2 g ( 1max) X oA
Hu®™ w = (T—w )FoRe ¢ = Tw T R (24).
) 2
; “ - , C - op (R o X
Since (t1max/#w) ;/d " @1(Re) ang £t1gax/ﬂw) 92(.0,R,), one obtains
from Eq. (24) Nu /Nuat = 1 + ¢/Fo"Re” - (27), which is particularly cone
venient for experimental investigations. These investigations were carried
out as follows: A 36 mm thick and 192 mm long duraluainium cylinder was
heated to 180°C, and was then placed into an air streaz. Temperature was

measured by means of thermocouples. Fig. 1 showa the change of the 0.7

cooling rate (1/scc) as a function of time (nee). Hue/nust veraus FoRe
is rendered in Fig. 3. Nuz/Nujt - 1 ¢ 5.6/(Fonwo'7)0‘55 is obtained for

0{Fore®' 7 <23 and Nuz/Nuﬁt « 1+ 282(Fare?* T ror 25¢rere? T 10,
Card 2/5 ’3\ .
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These results are in 800d agreement with tne caleulated values. Mention
is made of B, D, ¥-*ane)'gon and @, 4. Timnfryren ‘"Teploperedacha 1
aerogidrodinamika™, KNilga 12, vyp. 3, Masrtiz, T94yy "Kotloturbostroyeniye”
no. 5, 1348), and of Ye. M. Minsk{y ("Izv. AN SSSR", 28, no. 8, 1940).
There are 4§ figures and 10 references: 9 Soviet and 1 ron-Soviat,

ASSOCIATION: Aviatsionnyy instisut, £€. Kuybyshev (Aviation Institute,
Kuybyshev)

SUBMITTLED: April 28, 1961
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E073/E155
AUTHORS : ‘ﬁudryashov, L.I., and Tomnikov, A.V.
TITLE: On a solution of nonlincar problems of nons'teady-

state heat-transfer on electric network integrators

PERICUICAL: Referativnyy zhurnal, Elektrotekhnika i encrgetika,
no.,10, 1962, 4, abstract 10 G22., (Tr. Kuybyshevsk.
aviats, in-t, no.12, 1961, 41-53)

TEXT: The development of a method of successive intervals is
proposed which is applicable to solving nonlinear symmetrical

problems of nonsteady-state heat-cexchange in a cylinder and a :
sphere. The method has great importance in simulation on models.

The solution of the nonlinear problems of nonsteady-state heat- L/////
transfer on electric network integrators is considerably simpli-

fied by introducing the function { instead of the cxcess

temperature, Solutions carried out on the electric integrator

“iwt =12 (EI-12) confirmed the results obtained by simulating the

heat-transfer conditions on the ", =5 (IPT-5) model.
13 references. _ . .
Card 1/1 iAbstractor's note: Complote translatxont,
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5/1 2y62/000/o1 0/012/015
D

D234/D308
AUTHCRS ¢ Kudr,yWochkarev, A« P, and Turapin, V.M.
TITLE: Application of the theory of thermal regulnrity to

the experimental determination of heat loss coeffi-
cicnt of bodies placed in an éxternal flow

PERIODICAL: Heierutlvnyy zhurnal, Mekhanika, no. 10, 1962, 97, ab-

stract 10B604 (Tr. Kuybyshevsk. aviats. in-t, 1961,
no. 12, 77-81)

TELY:  On the basis of the results of numerical calculations which
arc not given in the paper, the authors conclude that a differen-
tial equation of parabolic type (both linear and nonlinear) has

the property of thermal regularity irrespective of the particular ,-'/
problem given. They give no due justification for such a conclu- [

.bion in the paper. Experimental methodo of determining the heat

lous coefficient of a body in a utream, based on the above conclu-
sion, are conoidered. / Abstracter's note: Complete translation._/
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. AUTHORL hudryashey, L. I. and Shchibrayev, fe. V.
TITLE: Application of the generalized theory of thermal re-

guiarity to the determination of the heat loss coef-
ficient of complex bodies in air streams

PERIOVICAL: ~Referativnyy zhurnal, Hekhanika, no. 10, 1962, 97, ab-
‘ stract 108603 (Tr. Kuybyshevsk. aviats. in-t, 1961,
no. 12. 55-92)

TELT: The authors give an analytical proof of the existence of
thermal regularity for a multilayer cylinder whose thermal conduc- /
tivity and heat loss coefficients depend on temperature. Without 4
corresponding epecificationo, the authors take the equations for
4 multilayer plate instead of those for a cylinder. Theoretical
Tresultis are compared with experimental data in an example. / Ab-
stracter's note: Complete translation, / : -

—
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/103400
AUTHORS: _Kudryashev, L.I., and Makarov, Yu.I.
TITLE: Theory of the resistance and heat transfer in jot

flows past hodies

1, Eleoktrotekhnika i energotika,

PERIODICAL: Referativnyy zhurna
(Tr. Kuybyshevsk.

no.10, 1962, 2-5, abstract 10 Gl2.
oviats. in-t, no.12, 1961, 93-98)
1 differcnce in the physical picture of

unlimited flow and by a flovw with
finite dimensions was established. pifferential equations V/iz
analysed by similarity theory methods yield a new determining

parameter x/H wnich 1is of considerable importance in
ance and heat-transfer

cxpcrimental determination of the resist

C.ients in jet flov past bodies. The theory of the nregular
thermal regime' serves to establish an unequivocal rclation between
the Musselt criterion characterizing the external heat transfer

and the new invariant i which determines the internal process

of heat conductivity. A simple method of applying the hydrodynamic

Card 1/2
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E0?73/El55

theory of heat oxchan e fo j
fs propesont g r the case of Jet flows past bodies
2 referonces,

'Abstractor's note: Complete translation,
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AUTHOUS: udryashov, L.I., and Safonov, 5.F.

T1TLE: Cocefficient of heat transfer and resistance during
flow of a stream past an unlimited barricr

PERIUDICAL: Referativnyy zhurnal, Elecktrotckhnika i energetika,
no.lo, 1962, 2, abz*ract 10 Gl1l. (Tr. Kuybyshevsk.
aviats, in-t, no.l12, 1961, 106-111)

TEXT: The physical features relating to the mechanical and
thermal effects of a stream of finite dimensions on infinite
barriers are considered. Since the relation between the speed
and temperature is non-explicit, the dimensional method serves to
demonstrate the characteristic similarity invariance. On the
basis ot this method, recommended functional relations are
obtained for Nuo and Cx. 3 references.

:gbstractor's note: Complute translation.;
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AUTIHORS: Kudryashev, L.I.,, and Gusev, I.A,

TITLE: - Influcnce of the high-speed non-steady state unlimited
flow and a jet of finite dimensions on the resistance
coefficient and the heat exchange in flow past bodies

FERIODICAL: HReferativnyy zhurnal, Elektrotckhnika i energetika,
no.10, 1962, 2, abstract 10 G8. (Tr. Kuybyshevsk.
aviats. in-t, no.12, 1961, 113-117)

TEXT: The principal difference between a non-steady state
stream and an unlimited flow past bodies is explained. An attempt
is made to apply the hydrodynamic theory of heat exchange to the
cases of an unlimited flow and strocams under non-stcady state
conditions past bodies. If proposcd experimental investigations
are successful, the obtained theoretical assumptions could be
applied for determining the heat-transfer coefficient and the
resistance under non-stoady state flow conditions,

3 references, .

‘Abstractor's note: Complete translation.’
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AUTIHCPS nudryashev, L.I., and Lyakhov, V, K.

PRSI

TITLE: Influence of transverse and longitudinal non-
isothermal conditions on the heat-transfer coefficient
during turbulent flow of liquida in tubes of
circular cross-scction

PERIUDICAL: Referativnyy zhurnal, Elektroteokhnika i energetika,
no.10, 1962, 3, abstract 10 G17, (Tr. Kuybyshevsk.
aviats, in-t, no.l12, 1961, 145-15%)

TEXT: Analysis of hydrodynamic and heat-transfer differential
equations and thermal equilibrium equations shows that existing
experimental data on heat transfer have to be considered as a
particular case of small longitudinal temperature drops. Experi-
mental data on hecat transfer within a wide range of longitudinal
non~isothermal conditions should include criteria which take into
consideration the relations between the longitudinal and transverse
temperature gradients. Theoretical conclusions are in fair agree-
ment with experiment on heating liquids with various values of this
temperature criterion. 7 references.

Card 1/1 iAbstractor's note: Complete translation.’
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nﬂd Kopotcv. A.A'

tal jnvestigation of the
cess of outflow from

AUTHORS § Kudryashev, LeXos

A theorctical and experimen
influence of steadiness on the pro

convergent nozzles

TITLE

FERTIODICAL:S Heferativnyy zhurnal, otdel'nyy vypusk, silovyye
ustanovki, no.23, 1902, 29, abstract L2,2%.140.

(Tr. Kuybyshevsk. 1961, 199-222)

TEXT: in designing and o -turbine

chambers theorctical and experimenta are required
of the proces ozzle under pulsating flow

conditions. The theoret the work foruulates the
problem of uns : the nozzle and gives
expressions for the rate of outflow and instantaneous dynamic

impulse. Tosts were made to check the main theoretical
proposition» and conclusions and also to assess the influence of J/

the assumptions that were made. pulsating flow was set up at the
nozzle inlet by a single-cylinder piston engine, Three series of
tests were wrde. The first studied the jnfluence of nozzles of

card 1/2

‘aviats. in-t, no. 12,
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' 5/262/62/000/023/005/011
A theoretical and experimental .., EL194/E155

different diameter on the gas conditions in the cylinder of the
piston engine., The #Hecond series involved determination of the gas
impulse beyond the nozzle and calculation of the flow factor in

the gas ducts. The third scories elucidated various problems
associated with the physical nature of the processes, The
experimental equipment is described in detail and also the system
of measuring static pressure (pneumo-electric stroboscopic
indicator) and the foroe impulse beyond the nozzle (impulse meter).
The tests confirmed the conclusions of the theoretical
investigntions (in particular, the instantaneous rate of flow

under pulsating flow conditions was greater than under steady-
State conditions), ) \4
7 figures, 12 references,

[Abstractor's note: Complete tranalationi
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correspond to pulsation indicate that, depending upon the
conditions, pulsation may either increase oOr docrease heat transfer.
The integral relationship method was applied to the case of a

turbulent boundary layer to obtain the following functional
relationship :

Nu = CRel Pr'*/ - (Hos). S (20)

where nj and np are respectively the exponents of the Ro and
Pr numbers in the following expression

(1= n) () 4 3a) 4 4r0 n /
T T A e A,
NUECRG (14 m )+ 3} . 1438 \,
Pem (12) /
fF(D)sinOdO
C=r—-
: (13)
fs'm&dd
card 2/4 v
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-8
"", I+
.F(0)==C —T,

(14)

/

where w - the velocity at the outer edge of the boundary layer
with flow over a sphere, Wi, = the velocity with steady incident
flow and 5 - a coefficient, equals 0.0225, Coefficient C and
also nj, ng and fl(Hoco) should be deterwined by experiment,

wtind tunnel tests undertaken for this purpose arse described. The
tost results are satisfactorily reopresented by the following

expression

Nu }i? %

g;%&“(m)-~ (24)
where Nu = Nusseolt's criteria for heat transfor in a pulsating N
flow; Nuo - applies to a steady flow. Eq.{(24) may also be IE
written in the following form
Card 3/4
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¥u = 3,68 Re?-405  0.125
(25)

Analysis of the tost results indicates that flow pulsation

considerably increases heat transfer when the value of Re is less

than 22000 when the ratio Nu/Nu, lies in the range 1,2 to 1,43,

At Re above 22000, flow pulsation has practically no influence;

if Ro > 32000, pulsations may even roduce heat transfer,

There are 4 figures,

ASSOCIATION: Kuybyshevskiy aviatsionnyy institut *
Kafedra aerogidrodinamiki (The Kuybyshev Aviation A
Institute, Department of Aerohydrodynamics)

SUBMITTED:  April 20, 1961
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AUTHOUS: Kudryashev, L. 1., Lyakhav, V. K.
CHIFLEY T Experimental study of tho heat exchange when-heating-a -

turbulent liquid flow in round tube

PERIODICAL: TlIzvestiya vysahikh uchebnykh zavedeniy. N¥eft* i gaz, no. 3,
1965, 79-85

PEXT: fThe gereral character of the theoretical functions Nu = f{pr)

was oxporimentally confirmed for the heating of ligquids. Based on the

eguation qu = CRenPrm (1) .
vhich according to previous ctatements (3. §. Petukhov, V. V. Kirillov,
vTeploenergetika” no. 4, 195€; A. I. {udryashev, 5b. nauchnykh trudov,

no. 7, "Teplotekhnika". &uybyshovnciJ industrial'nyy institut, 1957)

ig sufficiont for generalizing the experimentel data, C und o were
experimentally determined in the presunt work for the range Pr = 3- 300

4 5 5
with comparatively osmall changes ol L2 « 10" - 107. Dicgel winter oil,
diescel pumzer oil, and trangforzer oii were usod for thoe experiments

whir‘:h‘v%ro made accsrrding to a uethod described by V. L. Lel'chuk and
Curd
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5/152/6%/000/003/005/005

& perimental study of the heat ... B117/B186
e B. V. Dyadyakin ("Voprosy %teploovmenz', Izd-vo Al 335K, 1959, p. 173-192).
l Experimenial data found in publicatioas for rn-outyl zlcohol and wuter }
weie used for o wzore comprehensive generanlization. The experimental data .

were ovaluated by the methyd of succeuasive approximetion. Tha following
ranges were found for whica Eq. (1) can be used:
' Prw 3 - 10, C = 0,023, m'= 0.4;
Pr a 10 - 39, C = 0.0204, n = 0.392;

Pr = 30.0 - 160, C = 0.0316, 11 = 0.3;
Pr = 100 - 300, ¢ = 0.9367, = = 0.264.

The effect of the variability of physical parameters on the Leat exchange

i 1t - , . . . . an .
" (;x,f/u:) could be objectively estimated during the experiments. In the
< by .
range Pr = 100 - 280, k wss found to be 0.16. This figure was higner
; than that found by other szuibors, which suggests a rclation k = f(pr).
rurtner experiments are necessury to astudy this dopendence. Taere aroe
éi ¢ figures and 3 tables.
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AZDGTIATION: Kuybyshevnkzy avintiaicanyy institut . :

{Fuybyshev Aviation Inustitute); '
<u ‘byshovakly palitoknfchenkiy institut

/ (Xuybyshev Polytecnnic Institute)

" SUBNITT D, Feobruary 12, 1962 .
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